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A B STR A C T
P e ro v sk ite  is found  in som e c o n ta c t m etam o rp h o sed  im p u re  lim estone. Also it 
occu rs as a n  accessory  m in eral in a  w ide v a r ie ty  o f  u n d e rsa tu ra te d  rock  ty p es , in c lu d in g  
p o tassic  lav as an d  a lka li p y ro x en ites . L itt le  is know n concern ing  th e  th e rm a l co n d itio n  o f 
fo rm atio n  o f  p e ro v sk ite . T he p re sen t w ork  rep re sen ts  a  th e rm a l in v es tig a tio n  o f  sy n th es is  
o f  p e ro v sk ite  by  s in te rin g  o f  ru tile  w ith  calcite  in  presence o f  g ra p h ite  b y  using  d e riv a - 
to g rap h . T h e  d a ta  o b ta in ed  in d ica te  t h a t  com ple te  s in te rin g  tak e s  p lace a t  970°C w ith  
th e  fo rm atio n  o f o rth o rh o m b ic  pe ro v sk ite . Also th e  re su lts  o f  th e  d iffe re n tia l th e rm a l 
a n a ly s is  a n d  X -ra y  d iffra c to m e tr ic  s tu d y  o f  s in te rin g  p ro d u c ts  hav e  been  rep o rted .
РЕЗЮМЕ
Нами был найден перопскит в некоторых загрязненных, метаморфозирован- 
ных, известняковых образцах. Этот минерал также появляется в виде случайной 
компоненты в широком классе насыщенных пород, включительно калиевых лав 
и алкали пироксенитов. Нам мало известно относительно термических условий 
образования псроксита. В настоящей работе приводятся результаты по исследо­
ванию термических условий синтеза перовскита и кальцита при наличии графита. 
При этом нами был использован дериватограф. Данные указывают на то, что обра­
зование туфы плюет место при температуре 970°С и образуется оргохомбический 
перовскит. Результаты дифференциального термического анализа и дифрактометри- 
ческого исследования с полющыо Х-лучей также приводятся.
Introduction
Perovskite occurs ns an accessory mineral in basic and alkaline 
rocks and is often found as a deuteric mineral in such rocks, commonly 
in association w ith melilithe leucite or nepheline.
I t  has been recorded also from a  diabase-porphvrite where it  is 
considered to be pseudomorphous after ilmenite. Perovskite is found in 
some contact metamorphosed impure limestones, where often it  occurs 
as the cerium or niobium-rich variety. A t the dolerite limestone contact 
o f Scawt Hill. N orthern Ireland, perovskite occurs both in the  hybrid 
rock formed by assimilation o f carbonate and as a  constituent o f the 
exogenous contact zone, where it is associated with larnite, melilithe, spine! 
and wollastonite. (15).
* P re se n t address: G eology D e p t., A lex an d ria  U n iv e rsity .
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L ittle  is known concerning the therm al condition o f formation of 
perovskite. This present work reports a  therm al investigation of 
synthesis of perovskite by sintering o f rutile with calcite in presence of 
graphite by using derivatograph. Also, the results o f the differential 
therm al analysis and X -ray diffractom etric study  o f sintering products 
are reported.
Rutile and anatase did not give any therm al reaction during heatin". 
A t 200-900°C , perovskite lattice remains rhombic, but becomes more 
symmetrica), f t  fuses congruentlv a t 1915A). The therm ogram  of calcite 
shows a  sharp and large exothermic peak at 88 ÎPC, which represents its 
dissociation to calcicoxide and liberation of carbon dioxide. Several 
d a ta  can be found on the therm al character of rutile, anatase, perovskite 
and calcite in the literature  (1 — 9, 13, 14, 16. 17).
Experimental Work
This research was carried out with rutile concentrate, having chemi­
cal composition and X -rav analysis as given in tables (1) and (2) res­
pectively.
Chemicat com position of R utile  concen tra te
Table f i i
The studied rutile is reddish-brown in colour. R utile is associated 
with some mineral im purities such as zircon, quartz, garnet, corundum, 
amphiboles and others in fine grains and in small am ount. None of the 
contam inants was detected by X -ray analysis, therefore an individual 
mineral may be present as a m ajor constituent which is in good agreement 
with the mineralógica! studv.
The X-ray analysis of the studied rutile, table (2 ) shows th a t  its 
param eters of crystal lattice are consistent with literature da ta . The X-ray 
powder diffraction d a ta  o f the used calcite are given in table (3 ).
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X-ray powdt'r detraction data o lru ti lr
T ab le  (2)
X-ray powder detraction data o! ealcitc
T ab le  (3)
TecAniqMM o/* H'orA.'
Starting m aterials arc usually consisted o f rutile mixes. Calcite and 
graphite are used in mixes in particular am ounts. Mixes were processed 
by repeated grinding in an autom ated agate m orter and sieving till all the 




o < )(.4 ^ d 1
ASTM
1
Observed h k !
t
3.25 3.249 100 100 1 1 0
2.477 2.487 50 50 1 0 1
2.297 2.297 8 6 2 0 0
2.188 2.188 25 25 1 1 1
2.034 2.053 to 9 2 1 0
1.087 1.689 60 38 2 1 1
1.624 1.626 20 20 2 2 0
1.480 1.481 10 10 0 0 2
1.433 1.453 10 9 3 1 0
1.360 1.362 20 22 3 0 1








Observed h k 1
3.86 3.863 12 u 1 0 2
3.035 3.035 100 100 1 0 4
2.845 2.843 3 3 0 0  6
2.495 2 493 14 16 1 1 0
2.285 2.284 IS 22 1 1 3
2.093 2.095 18 18 2 0 2
1.927 1.926 5 6 2 0 4
1.913 1.913 17 18 1 0 8
1.875 1.873 17 22 1 1  6
1.626 1.626 4 4 2 1 1
1.604 1.604 8 9 2 1 2
1.587 1.586 2 1 1 .0 .1 0
1.525 1.524 5 5 2 1 4
1.518 1.518 4 3 2 0 8
1.510 1.509 3 2 1 1 9
1.473 1.472 2 2 2 1 5
1.440 1.440 5 ( 3 0 0
1.422 1.423 3 0 .0 .1 2
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AppamdM.s.*
Experim ents were carried out in ceramic crucible, heated in an 
electrical furnace under suction o f carbon dioxide. The character of the 
reaction of sintering o f rutile with calcite in presence o f graphite was 
studied by therm al analysis using P  a u 1 i k F .. P a u 1 i k d. and 
E r d e v  L. (MOM) derivatograph (11. 12). This apparatus records 
sim ultaneously four therm al curves: (T) the  change of tem perature of 
sample, (DTA) differential therm al analysis, (TO) therm ogravim etric, 
(quantitatively  in mg) and (DTO) derivative therm ogravim etric one 
a single sample under controlled conditions. DTA and tem perature mea­
suring thermocouples are P t/P t-R h  wires. Ceramic crucible and a ceramic 
sample holder were used. Alumina, calcined a t lfMhPC, was used as a 
reference material. The param eters during tests were as follows: weight
Fig . 1: D e riv a to g ram  o f ru tile  s in te rin g  w ith  calcito  in presence o f  g ra p h ite . 
W eight o f  sam ple  1000 m g. H eatin g  ra te  10 °C /m in .
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of sample 1000 mg, T — 1200°C, DTA —1/3, DTG —1/5, TG —500 mg and 
heating ra te  10°C per m inute. All determ inations were carried out in an 
atm osphere under suction of carbon dioxide.
PAuae and C'/;arar%e7T2U%iOK.'
The end products o f sintering of rutile with calcite were studied 
both microscopically and by A -ray analysis. Perovskite is colourless 
to dark  brown in th in  section and has a very high relief, anisotropic.
A-ray Procedure.*
A Siemens crystalloflex diffractom eter was used with nickel filtered 
copper radiation. Exposure was one hour and scanning speed was 1° 
20 per m inute, a t 1 cm per m inute chart speed. Intensities were collected 
to  maximum 20 =  65^. The sensitivity of the experim ent, was 4 X 10** 
im pl./m in., and the  statistical error was 1.5%.
Results and discussion
For studying the influence of rutile on the therm al behaviour o f 
calcite, and the form ation o f perovskite, DTA experim ents were carried 
ou t using calcite in am ount 150% of theoretical value. The obtained deri- 
vatogram  was evaluated on the  basis o f literature d a ta  with tria l to 
explain the reactions which m ay be connected to certain peaks of DTA 
curve, and by comparing it with th a t  of calcite and o ther components in 
the  mix. The small and wide endothermic peak a t 532°C mav be due to 
the presence of some mineral impurities with rutile. The exothermic peak 
at 665°C may represent the burning of graphite and the combustion of 
volatiles. This is accompanied by a sh a rp  decrease in weight (TG). The 
A -ray powder diffraction pattern  shows the first appearance of perovskite 
above 665°C. The large endotherm ic peak at H60°C, represents the  in ten­
sive dissociation of calcite and probably the reaction between the resulted 
calcium oxide and rutile. This process is connected with a rem arkable 
decrease in weight (TG) due to the removal of carbon dioxide. According 
to the therm al curve o f this m ixture, the beginning of decomposition of 
calcite follows directly the end of exothermic reaction.
The sharp and large exothermic peak a t 970°C may be due to the 
intensive reaction between rutile and the dissociated calcite. The reaction 
of form ation of perovskite f  4! sws immediately the endothermic reaction 
of dissociation of calcite. The sinterting of rutile with calcite results in the 
production of orthorhom bic perovskite. I ts  A-ray powder diffraction 
d a ta  are given in table (4). The A-ray d a ta  o f synthetic mineral are con­
sistent with those of natural perovskite.
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T ab le  (4)
X-ray powder dillraetion data ol Perovskite
Determination of thermodynamic constants
Before studying the conditions of form ation of perovskite from the 
reaction of rutile with calcite, an a ttem pt was carried out for caiculation 
of its therm odynam ic constants. The following therm odynam ic da ta  
were used in calculation: (/1F°), standard  free energy of formation of 
perovskite, rutile and calcium oxide are — 376.517, —212.559, and — 
144.352 Kcai/mol. respectively.
The reaction of form ation of perovskite from its components may 
be represented as:








Observed h k !
3.S24 3.826 14 20 1 0 1 ,2  0 0
3.423 3.426 3 3 1 1 1
2.71!) 2.719 40 30 2 0 0
2.701 2.700 100 100 1 2 1 .0  0 2
2.363 2.565 1 2 2 1 0
2.42S 2.430 1 2 2 0 1
2.413 2.412 2 4 1 0 2
2.313 2.308 4 6 2 1 1
2.303 2.304 7 10 0 3 1
2.217 2.219 6 9 2 2 0
2.201 2.204 4 8 0 2 2
2.121 2.123 2 4 1 3 1
2.030 2.049 2 4 2 2 1
2.040 2.043 1 2 1 2 2
1.911 1.911 50 80 0 4 0
1.860 1.883 2 2 2 3 0
1.836 1.858 3 4 2 1 2
1.757 1.784 1 ' 2 3 1
1.752 1.752 1 1 1 3 2
1.746 1.748 1 1 0 1 3
1.719 1.719 2 3 3 0 1
1.710 1.712 3 5 2 2 2. 1 4 1
1.703 1.702 2 3 1 0 3
1.676 1.676 3 4 3 1 1
1.663 1.664 1 1 1 1 3
1.367 1.368 14 22 3 2 1
1.363 1.563 16 25 2 4 0
1.337 1.358 23 30 0 4 2
1.529 1.532 1 1 2 3 2
1.498 1.501 1 1 1 4 2 ,2  0 3
1.470 1.475 1 2 0 5 1 ,2  1 3
1.466 1.458 * 1 0 3 3
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The equilibrium constant of the  reaction may be calculated from the 
equation a t 25°C:
The equilibrium constant is large and the reaction of form ation of 
perovskite may thus be practically considered as irreversible.
F or studying the effect of tem perature on the efficiency of perovskite 
form ation, some runs were carried out using rutile mixes with calcite in 
excess am ount 50% and graphite 10% of rutile charge a t different tem ­
peratures, ranging from 665.700 up to 970°C during two hours.
From  the  obtained result (Table 5), it  is shown th a t  the  efficiency of 
titan a te  form ation sharply increases with tem perature. The products 
of sintering o f these runs were identified both microscopically and by 
X -ray diffractom eter. By microscopic exam ination o f this reaction o f the 
products of sintering a t 665, 700°C considerable num ber of ru tile grains 
were detected with few fine grains of perovskite. This gives good idea 
about the incomplete sintering. As the tem perature o f sintering increases, 
the  am ount of perovskite increases. A t 070°C the  reaction between rutile 
and calcite takes place completely. A t such tem perature only few relict 
grains were detected in m atrix o f perovskite.
The X-ray powder diffraction pattern  o f the end product o f sintering 
a t 970 °C is shown in figure (2 ). I t  can be observed th a t ru tile peaks 
completely disappeared in such product representing the complete sin­
T ab te  (5)
Ettect o! tem perature on sintering
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tering. The X-ray peaks o f perovskite are narrow and intense suggesting 
good crystallinity. The microscopic study  of the product phases of rutile 
sintering with calcite is in good agreem ent with X-ray diffractom etric 
study.
From  the  above m entioned therm al investigation, the  reaction of 
sintering of rutile with calcite takes place completely a t tem perature 
above 860°C. The sintering results in the formation o f orthorhombic 
perovskite.
Conclusion
The therm al study  o f the reaction between rutile and calcite 
revealed th a t complete sintering takes place at !)70°C with the forma 
of orthorhom bic perovskite. Perovskite can also be formed at h 
tem perature above 70d°C but it needs long tim e. The microscopic si 
and X -ray diffraction d a ta  of synthesised perovskite are in good at 
m ent with the  natural mineral.
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Fig . 2: X -ra y  pow der dif frac tio n  p a tte rn  o f  th e  end p ro d u c t o f  s in te rin g  o f ru tile  w ith  
calc ite  in presence o f  g ra p h ite  a t 970°C
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